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(54) Glow Plug having a combustion pressure sensor 

(57) The present invention provides a gas tight and 
simplified glow plug having a combustion pressure sen- 
sor. A plug main body 200 includes a cylindrical housing 
201 , mounted in an engine head 1 and has one end side 
positioned at a combustion chamber 1a side of the 
engine head 1, a cylindrical sheath tube 202, which is 
held in the housing 201 and has one end side exposed 
from the one end of the housing 201 , a heating coil 203 
received and held in the sheath tube 202, and a central 
shaft 204 acting as a rod-tike electrode having one end 
side received in the sheath tube 202 and other end side 
exposed from other end of housing 201 . An internal sur- 
face of the housing 201 and an external surface of the 
sheath tube 202 are secured together without forming a 
substantial gap between them by press fitting or the like. 
A combustion pressure sensor 300 is arranged around 
part of the central shaft 204, which protrudes from the 
housing 201 , to measure a combustion pressure based 
on force acting on the sheath tube 202. 
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Description 




[0001] The present invention relates to a glow plug, 
and more particularly, to a glow plug having a combus- 
tion pressure sensor used as an auxiliary starting 5 
device for an internal combustion engine, such as a die- 
sel engine or the like. 

[0002] A conventional glow plug is disclosed, for 
example, in Japanese Unexamined Utility model Publi- 
cation No. 4-57056. The disclosed glow plug includes a w 
cylindrical housing that is mountable in an internal com- 
bustion engine. A sheath (pipe member), which 
receives a heating element, and a rod-like metal central 
electrode are held in the cylindrical housing. The heat- 
ing element is heated up upon energization by the cen- 15 
tral electrode. A piezoelectric element, which outputs an 
electric signal, in response to a load (pressure) applied 
to the sheath in an axial direction of the plug, is also 
received in an interior of the housing. 
[0003] Furthermore, an O-ring is disposed between 20 
the sheath and the housing in the glow plug. When the 
axial load is applied to the sheath in response to the 
pressure developed in a combustion chamber, the 
sheath slides along the housing via the O-ring. As the 
sheath slides, the corresponding load is applied to the 25 
piezoelectric element, and the electric signal corre- 
sponding to the load is outputted from the piezoelectric 
element. An ignition timing at the combustion chamber 
is determined based on the electric signal. 
[0004] In the described prior art glow plug, gas 30 
tightness of an interior of the housing solely depends on 
the O-ring, which allows the slide movement of the 
sheath relative to the housing, so that combustion gas 
generated in the combustion chamber could penetrate 
into the interior of the housing. The penetration of the 35 
combustion gas into the interior of the housing results in 
several problems concerning durability of the glow plug. 
For instance, these problems may include deterioration 
of the piezoelectric element due to the high temperature 
of the combustion gas, disconnection of the heating ele- 40 
ment due to air-oxidation of the heating element, and 
leakage of output electrical charge from the piezoelec- 
tric element, for example, induced by moisture. 
[0005] Furthermore, since the piezoelectric ele- 
ment, which constitutes the combustion pressure sen- 45 
sor, is arranged within the housing, the housing needs 
to have an opening, through which a signal output line 
of the piezoelectric element is extended out from the 
housing, and a seal for sealing the opening. This results 
in a relatively complicated wiring structure for extending so 
the output line of the combustion pressure sensor out of 
the housing. 

[0006] To overcome the aforementioned draw- 
backs, the present invention provides a glow plug com- 
prising a cylindrical housing (201) mounted in an 55 
internal combustion engine, wherein one end side of the 
cylindrical housing (201) is positioned at a combustion 
chamber (1a) side of the internal combustion engine. A 



cylindrical pipe member (202, 404) is held in the hous- 
ing such that one end side of the pipe member (202, 
404) is exposed from the one end of the housing. A 
heating member (203, 401) is arranged in the pipe 
member, wherein the heating member (203, 401) is 
heated up upon energization. A rod-like metal central 
shaft (204) is received in the housing such that part of 
the central shaft (204) protrudes from other end of the 
housing, wherein the central shaft (204) is provided for 
energizing the heating member. The present invention 
is characterized in that an internal surface of the hous- 
ing and an external surface of the pipe member are 
secured with each other without forming a substantial 
gap between them at the one end side of the housing. A 
combustion pressure sensor (300) is arranged around 
the part of the central shaft, which protrudes from the 
other end of the housing to measure a combustion pres- 
sure in the internal combustion engine based on a force 
acting on the pipe member upon development of the 
combustion pressure. 

[0007] In another aspect of the invention, the com- 
bustion pressure sensor is arranged around the part of 
the central shaft, which protrudes from the other end of 
the housing. Therefore, the combustion pressure sen- 
sor is disposed outside of the housing. As a result, it is 
not necessary to provide the complicated wiring struc- 
ture for extending the output line of the combustion 
pressure sensor out of the housing. As a result, in the 
glow plug of the present invention, both the gas tight- 
ness of the housing interior and the simplification of the 
wiring structure for the output line of the combustion 
pressure can be advantageously achieved. 
[0008] In order to secure the internal surface of the 
housing (20 1 ) and the external surface of the pipe mem- 
ber (202, 404) with each other without forming a sub- 
stantial gap between them at one end side of the 
housing (201 ), the pipe member can be press fit into the 
housing, or alternatively, the internal surface of the 
housing and the external surface of the pipe member 
can be brazed together. 

[0009] Further areas of applicability of the present 
invention will become apparent from the detailed 
description provided hereinafter. It should be under- 
stood that the detailed description and specific exam- 
ples, while indicating preferred embodiments of the 
invention, are intended for purposes of illustration only, 
since various changes and modifications within the 
spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. In 
the drawings: 

Fig. 1 is a cross-sectional view of a glow plug hav- 
ing a combustion pressure sensor in accordance 
with a first embodiment of the present invention; 
Fig. 2 is cross-sectional view of the pressure sensor 
for a glow plug according to the present invention; 
Fig. 3 is a descriptive view showing conducting 
paths for combustion pressure for a glow plug 
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according to the present invention; 
Fig. 4A is a graphical view showing combustion 
pressure waveforms according to the present 
invention; 

Fig. 4B is a graphical view showing combustion 
pressure waveforms according to the present 
invention; 

Fig. 5 is a cross-sectional view of a modified version 
of the glow plug of the first embodiment of the 
present invention; 

Fig. 6 is a cross-sectional view of a pressure sensor 
for a glow plug according to the present invention; 
and 

Fig. 7 is a cross-sectional view of a glow plug hav- 
ing a combustion pressure sensor in accordance 
with a second embodiment of the present invention. 
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[001 0] Fig. 1 is a cross-sectional view of a glow plug 
100 having a combustion pressure sensor in accord- 
ance with a first embodiment of the present invention. 20 
The glow plug 100 is mounted in an engine head 
(receiving member) 1 of a diesel engine (internal com- 
bustion engine). 

[0011] The glow plug 100 has a plug main body 
200, which includes a heating unit and acts as a con- 25 
ducting medium for the combustion pressure of the 
engine, and a pressure sensor 300 (the combustion 
pressure sensor of the present invention), which acts as 
a means for sensing the combustion pressure of the 
engine by converting a force acting on the plug main 30 
body 200 upon development of the combustion pres- 
sure to a corresponding electrical output signal based 
on piezoelectric characteristics of a piezoelectric ele- 
ment. 

[0012] The plug main body 200 includes a metal 35 
cylindrical housing 201 , which is mounted in the engine 
head 1 and has one end side (on the bottom side of Fig. 
1) positioned on a combustion chamber 1a side of the 
engine head 1 . The other end side (on the top side of 
Fig. 1) is positioned outside of the engine head 1. The 40 
plug main body 200 also has a cylindrical sheath tube 
(the pipe member of the present invention) 202, which 
has one end side exposed from the one end of the 
housing 201 and other end side held in the housing 201 , 
a heating coil 203 (the heating member of the present 45 
invention), which is received and held in the one end 
side of the sheath tube 202 and is heated up upon ener- 
gization, and a rod-like metal central shaft (electrode or 
rod-like electrode) 204 received in the housing 201 such 
that one end side of the central shaft 204 is electrically so 
connected with the heating coil 203 and other end side 
of the central shaft 204 protrudes from the other end of 
the housing 201 . 

[0013] The engine head 1 has a threaded through 
hole (glow hole) extending from an external surface of 55 
the engine head 1 to an internal combustion chamber 
1a. The plug main body 200 is threadably inserted into 
the threaded hole in an axial direction (longitudinal 



direction) of the plug. By use of a hexagon head section 
201a and a mounting thread 201b provided on an exter- 
nal surface of the housing 201 , the plug main body 200 
is threadably engaged with and is secured to the 
threaded hole of the engine head 1. Furthermore, a 
tapered seat surface 201c is formed at the one end of 
the housing 201. The tapered seat surface 201c seal- 
ingly engages an opposing seat surface formed in the 
threaded hole of the engine head 1 to prevent gas leak- 
age from the combustion chamber 1 a. 
[0014] The sheath tube 202 is made, for example, 
of a non-corrosive heat resistant metal alloy material 
(such as stainless steel SUS 310). A distal end of the 
one end side of the sheath tube 202, exposed from the 
one end of the housing 201 , is closed. The other end of 
the sheath tube 202, received in the housing 201, is 
opened. Furthermore, the heating coil 203 is a resist- 
ance wire made of NiCr, CoFe or the like and is received 
in a distal interior part of the sheath tube 202. One end 
side of the central shaft 204 is received in an interior of 
the other end side of the sheath tube 202. One end of 
the heating coil 203 is electrically connected to the one 
end of the sheath tube 202, and other end of the heating 
coil 203 is connected to the one end of the central shaft 
204 received in the sheath tube 202. 
[0015] A heat resistant dielectric powder 205, such 
as a magnesium oxide powder or the like, is filled in a 
space between the sheath tube 202 and the heating coil 
203 as well as the central shaft 204. The sheath tube 
202 is drawn by a swaging process, so that a density 
(and therefore a heat conductivity) of the dielectric pow- 
der 205 is increased, and the central shaft 204 and the 
heating coil 203 are immovably held by the sheath tube 
202 via the dielectric powder 205. 
[001 6] The heating coil 203, part of the sheath tube 
202 surrounding the heating coil 203 and the dielectric 
powder 205 constitute a heating unit 206. The heating 
unit 206 is securely held within the one end side of the 
housing 201 while the distal end side (the one end side 
of the sheath tube 202) of the heating unit 206 is 
exposed from the housing 201 . 

[0017] The heating unit 206 (an external surface of 
the sheath tube 202) and an internal surface of the 
housing 201 are secured with each other by press fit- 
ting, brazing (such as silver brazing) or the like. As a 
result, at the one end side of the housing 201 , a secured 
region K1 is provided where the internal surface of the 
housing 201 and the external surface of the sheath tube 
202 are secured with each other along their entire cir- 
cumferences without forming a substantial gap between 
them. The secured region K1 prevents the penetration 
of the combustion gas from the combustion chamber 1a 
into the interior of the housing 201 . 
[0018] The secured region K1 is a boundary sur- 
face between the internal surface of the housing 201 
and the external surface of the sheath tube 202. The 
secured region K1 can be part or all of the boundary as 
long as it extends the entire circumference of the plug 
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axis. At the other end (open end) of the sheath tube 
202, a seal member (sealing) 205a is received between 
the other end of the sheath tube 202 and the central 
shaft 204 to prevent spill of the dielectric powder 205 
from the sheath tube 202 during the swaging process. 5 
[0019] A ring-like washer 207 made of a dielectric 
Bakelite material and an O-ring 208 made of a silicone 
or fluorine rubber material are received around the other 
end side of the central shaft 204 within the other end 
side of the housing 201 . The washer 207 is arranged for w 
the purpose of centering the central shaft 204, and the 
O-ring 208 is arranged for the purpose of achieving the 
gas and water tightness of the housing 201 . 
[0020] A cylindrical dielectric bush 209 made of a 
resin material (such as phenol resin) or ceramic (such 15 
as alumina) dielectric material is received around the 
other end side of the central shaft 204. The dielectric 
bush 209 has a small diameter cylindrical section 209a, 
which extends axially from the interior of the housing 
201 to the outside of the housing 201 around the central 20 
shaft 204, and a flange-like large diameter section 209b, 
which is formed on an outer end of the small diameter 
section 209a. 

[0021] A generally annular pressure sensor 300 is 
arranged around the small diameter section 209a of the 25 
dielectric bush 209 between the large diameter section 
209b and the other end surface of the housing 201 (the 
end surface of the hexagon head section 201a). Upon 
threadably tightening a securing nut 210 onto a terminal 
thread 204a formed on the other end of the central shaft 30 
204, the pressure sensor 300 is securely held between 
the large diameter section 209b of the dielectric bush 
209 and the other end surface of the housing 201 . 
[0022] The small diameter section 209a of the die- 
lectric bush 209 engages inner circumferential surfaces 35 
of the housing 201 and the pressure sensor 300 so as 
to electrically insulate the central shaft 204 from both 
the housing 201 and the pressure sensor 300. The co- 
ring 208 is pressed by the end of the small diameter 
section 209a, opposite to the large diameter section 40 
209b, to make more tight contact with the central shaft 
204 and the housing 201. This increases the gas and 
water tightness between the central shaft 204 and the 
housing 201. The pressure sensor 300 is electrically 
insulated from the securing nut 210 and the central 45 
shaft 204 by the large diameter section 209b of the die- 
lectric bush 209. 

[0023] A connecting bar 2 is secured to the terminal 
thread 204a on the other end of the central shaft 204 by 
the terminal nut 21 1 to make electrically connect with 50 
the terminal thread 204. The connecting bar 2 is electri- 
cally connected to a power source (not shown) and is 
electrically grounded to the engine head 1 through the 
central shaft 204, the heating coil 203, the sheath tube 
202 and the housing 201. With this arrangement, the 55 
heating unit 206 of the glow plug 100 can be heated up 
and contribute to the ignition and start-up of the diesel 
engine. 
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[0024] As described above, unlike the prior art that 
has the pressure sensor in the interior of the housing, 
the described embodiment of the present invention pro- 
vides a unique structure that has the pressure sensor 
arranged around the part of the central shaft 204, which 
protrudes from the other end of the housing 201 , via the 
dielectric bush 209. With reference to Fig. 2, structural 
details of the pressure sensor 300 will now be 
described. Rg. 2 is an enlarged cross-sectional view of 
the pressure sensor 300 shown in Fig. 1 . 
[0025] In the pressure sensor 300, an annular elec- 
trode 301 is axially sandwiched by a couple of polarized 
annular piezoelectric ceramic bodies 302, electrically 
connected in parallel and made of lead titanate or lead 
zirconate titanate. The electrode 301 and the piezoelec- 
tric bodies 302 are axially sandwiched and are protec- 
tively packaged by a generally annular metal case 303 
and a generally annular pedestal 304. 
[0026] A protection tube 303b constituting a 
through hole of the metal case 303 is integrally con- 
nected with a large diameter section 303a of the metal 
case 303 by welding, brazing or the like. A shielded 
cable 305, which is used as an output line for conduct- 
ing signals from the pressure sensor, is received in and 
supported by the tube 303b. A core conductor 305a of 
the shielded cable 305 is received in the metal case 303 
and is welded to the electrode 301 to provide an electri- 
cal connection therewith. A shield conductor 305b, 
which is electrically insulated from the core conductor 
305a, is caulked to the tube 303b to make an electrical 
connection with the metal case 303, which acts as an 
electrical ground. 

[0027] The reason for electrically connecting the 
piezoelectric ceramic bodies 302 in parallel is to double 
an output sensitivity for improving a signal to noise ratio 
of the signal output. Alternatively, detection can be car- 
ried out by a single piezoelectric body. In such a case, a 
dielectric material must be placed on either the top or 
bottom side of the electrode 301 . The metal case 303 is 
made of a sheet material having a thickness equal to or 
less than 0.5 mm to reduce the rigidity of the circumfer- 
ential surface of the metal case 303 in order to ensure 
conductance of a small change induced by the combus- 
tion pressure to the piezoelectric ceramic bodies 302. 
[0028] The pressure sensor 300 is assembled as 
follows. First, a heat shrinkable dielectric silicone tube 
306 is received and heat shrunk around an outer cir- 
cumferential surface of a small diameter section 303c of 
the metal case 303. Then, one of the piezoelectric 
ceramic bodies 302, the electrode 301 and other piezo- 
electric ceramic body 302 are sequentially received in 
the metal case 303 around the small diameter section 
303c. The dielectric tube 306 prevents a short circuit 
between the metal case 303 and the piezoelectric 
ceramic bodies 302 as well as the electrode 301 . 
[0029] The electrode 301 arranged to be received 
in the metal case 303 has the core conductor 305a of 
the shielded cable 305 previously welded to it. The elec- 
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trade 301 is received arounlthe small diameter section 
303c of the njetal case 303 as the free end of the 
shielded cable 305 opposite to the welded end is 
inserted into and extends out of the protection tube 
303b. \ 

[0030] Then, the pedestal 304 having an O-nng 309 
inserted therearound is received in the metal case 303. 
An outer circumferential surface of the pedestal 304 and 
an opposing circumferential surface of the metal case 
303 are welded together (the weld is indicated by Y1 in 
Fig 2) by a YAG laser while the metal case 303 and the 
pedestal 304 are axially pressed toward each other. As 
a result, structural integrity of the pressure sensor 300 is 
achieved, and all components of the sensor 300 are 
tightly packed together. Furthermore, since the shielded 
cable 305 and the protection tube 303b are effectively 
caulked together, the electrical connection between the 
shield conductor 305b and the metal case 303. the 
retention and securing of the shielded cable 305. as wen 
as the sealing between the cable 305 and the tube 303b 
are achieved. 

[0031] Therefore, the metal case 303, the pedestal 
304 and the shield conductor 305b are all maintained at 
the same electrical potential, so that upon mounting the 
pressure sensor 300 to the plug main body 200. the 
pressure sensor 300 can be electrically grounded to the 
engine head 1. As a result, the completely closed and 
electrically sealed pressure sensor is provided. 
[0032] An assembling operation of the glow plug 
100 having the combustion pressure sensor in accord- 
ance with the present embodiment will now be 
described. First, the heating unit 206. which has the 
central shaft 204 previously received therein, and the 
housing 201. which has been metal plated, are pro- 
vided. An outer diameter of the sheath tube 202 of the 
heating unit 206 is slightly larger than an inner diameter 
of the housing 201 (for example, a difference in these 
diameters may be in a range of +30 to +70 microme- 
tsrs^ 

[0033] The sheath tube 202 of the heating unit 206 
is press fitted into the housing 201. so that the sheath 
tube 202 and the housing 201 are securely and seal- 
ingly connected with each other due to their resiliencies. 
As a result, the housing 201 , the central shaft 204 and 
the heating unit 206 are integrated together. Besides 
press fitting, the housing 201 and the heating unit 206 
can be fully connected with each other by brazing, such 
as silver brazing. As a result, the gas-tightness of the 
interior of the housing 201 can be advantageously 

r a 0034] 3d Then, the washer 207 and the O-ring 208 
are received around the central shaft 204 through the 
other end (on the terminal thread 204a side) of the cen- 
tral shaft 204. Thereafter, the pressure sensor 300 and 
the dielectric bush 209. located inside of the pressure 
sensor 300 are received around the central shaft 204 
through the other end of the central shaft 204 The 
securing nut 210 is threadably tightened onto the termi- 
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nal thread 204a, so that the pressure sensor 300 is 
securely held on the other end surface of the housing 
201 (the end surface of the hexagon head section 
201 a) Next, the housing 201 is mounted in the engine 
head 1 . and the connecting bar 2 is arranged on the top 
surface of the securing nut 210 around the terminal 
thread 204a and is secured by the terminal nut 21 1 . The 
resulting structure is shown in Fig. 1. 
[0035] A mechanism for measuring the combustion 
pressure of the glow plug 100 according to the present 
embodiment will now be described with reference to 
Figs 1 to 3. Fig. 3 is a descriptive view (half cross-sec- 
tional view) of a simplified model showing conducting 
paths of the combustion pressure. In Fig. 1, the pres- 
sure sensor 300 is already securely held on the plug 
main body 200 by the securing nut 210. In this state 
while the glow plug 100 is mounted in the engine head 
1 the piezoelectric ceramic bodies 302 in the pressure 
sensor 300 are preloaded with a weight of 50 to 100 kg. 
[0036] During engine start-up, a voltage is applied 
to the glow plug 100 through the connecting bar 2 and 
the plug 100 is electrically grounded to the engine head 
1 through the central shaft 204, the heating coil 203. the 
sheath tube 202, the housing 201 and the mounting 
thread 201b. As a result, the heating unit 206 of the plug 
100 is heated up to assist the ignition and start-up of the 
diesel engine. Once the engine is started, the combus- 
tion pressure generated in the engine is conduced 
through two paths R1, R2 indicated by solid bold lines 
and arrows in Fig. 3 and acts on the pressure sensor 
300. 

[0037] In the first path R 1 . the combustion pressure 
applied to the heating unit 206 is conducted to the hous- 
ing 201 connected with the heating unit 206 and is then 
acts on the pressure sensor 300. The housing 201 itself 
is securely held by the engine head 1 via the mounting 
thread 201b. Therefore, the conduction of the force in 
the region above the mounting thread 201b in the first 
path R1 is largely disturbed, so that a positional change 
observed at the hexagon head section 201 a of the 
housing 201 adjacent to the pressure sensor 300 
becomes intrinsically very small. 
[0038] On the other hand, in the second path R2 
the combustion pressure applied to the heating unit 206 
is conducted to the pressure sensor 300>through Jour 
components, i.e.. the dielectric powder 205 filled in the 
heating unit 206. the central shaft 204, the securing nut 
210 and the dielectric bush 209. In this path R2, these 
four components are completely free from disturbing 
factors, such as a component that substantially disturbs 
the positional change of the described four compo- 

nents. • , 

[0039] The sheath tube 202 can move in an ax.a 
direction of the plug (upward and downward in F.gJ3) 
due to the resiliency or elasticity of the .housing 201 
even though the housing 201 and the sheath tube 202 
are securely connected together at the secured region 
K1 Therefore, when the combustion pressure is con- 
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ducted to the heating unit 206 through the second path 
H2, the sheath tube 202 and the central shaft 204 move 
integrally in an axial direction of the plug. 
[0040] Therefore, the positional change at the hex- 
agon head section 201a of the housing 201 in the first 
path R1 differs from the positional change at the central 
shaft 204 in the second path R2 (that is, the positional 
change in the second path R2 is larger than that in the 
first path R1). This difference in the positional changes 
causes reduction of the preload applied on the pressure 
sensor 300 from the securing nut 210. 
[0041] Therefore, the load applied to the piezoelec- 
tric ceramic bodies 302 held within the pressure sensor 
300 changes, causing a change in the generated elec- 
trical charge that is used as an electric signal indicating 
the combustion pressure and is output according to the 
piezoelectric characteristics of the piezoelectric ceramic 
bodies. The signal is output between the core conductor 
305a (through the electrode 301 shown in Fig. 2) and 
the shield conductor 305b (constituting a ground return 
in corporation with the housing 201 acting as the 
ground, the mounting thread 201b, the metal case 303 
the protection tube 303b and the pedestal 304) of the 
shielded cable 305. 

[0042] Via the shielded cable 305, this output signal 
is supplied to a charge amplifier (not shown), which con- 
verts the generated electrical charge to a corresponding 
electrical voltage and amplifies it for further use. Then 
the amplified signal is supplied to the ECU of an auto- 
mobile (not shown). This electric signal indicating the 
combustion pressure can be used for combustion con- 
trol of the engine. The mechanism for measuring the 
combustion pressure according to the present embodi- 
ment is thus described, and exemplary combustion 
pressure waveforms of the present embodiment will 
now be described with reference to Fig. 4 
[0043] Figs. 4A and 4B show measured results of 
the glow plug 100 of Fig. 1 that are measured while the 
engine is running at the engine speed of 1200 rpm and 
the load of 40 N. Fig. 4A is a comparison graph showing 
combust.on pressure waveforms of the engine meas- 
ured with a pressure indicator and the pressure sensor 
300 of the glow plug 100, respectively. Fig. 4B is a cor- 
relation diagram showing the combustion pressure out- 
puts from the pressure sensor 300 of the glow plug 100 
on a vertical axis and the combustion pressure outputs 
from the pressure indicator on a horizontal axis 
[0044] It will be understood from Fig. 4 that both the 
outputs from the pressure sensor 300 of the glow plug 
100 and the outputs from the pressure indicator show 
generally the same type of waveform, and the correla- 
Uon d.agram shows a substantially linear relationship 
between the outputs from the pressure sensor 300 of 
the glow plug 100 and the outputs from the pressure 
.nd.cator over both the pressure rising and falling peri- 
ods This fact indicates that a change in the load applied 
to the pressure sensor 300 in response to the combus- 
t.on pressure change in the engine can be adequately 
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measured by the glow plug 1 00 of the present invention. 
[0045] In the described embodiment, since the 
internal surface of the housing 201 and the external sur- 
face of the sheath tube (pipe member) 202 are secured 
with each other at the one end side of the housing 201 
which is exposed to the combustion gas, without form- 
ing a substantial gap between them by means of the 
press fitting or the brazing, the gas tightness of the inte- 
rior of the housing 201 against the combustion gas can 
be achieved. Therefore, the combustion gas from the 
combustion chamber la does not penetrate into the 
hous.ng 201, so that the deterioration of the pressure 
sensor 300 due to the exposure to the combustion gas 
and the disconnection of the heating coil 203 can be 
effectively prevented, resulting in the durable glow plug 
having the combustion pressure sensor. 
[0046] Furthermore, in the described embodiment 
he pressure sensor 300 is arranged around the part of 
the central shaft 204, which protrudes from the other 
end of the housing 201 . Therefore, the pressure sensor 
300 is arranged outside of the housing 201 . As a result 
the shielded cable 305 acting as the output line can sim- 

£,Ti , f e u ly b6 connected ««> Pressure sensor 
300. Unlike the prior art, the relatively complicated wir- 
ing structure for extending the output line of the com- 
bustion pressure sensor out of the housing is no longer 
required. As a result, both the gas tightness of the hous- 
ing .nterior and the simplification of the wiring structure 
for the output line of the combustion pressure sensor 
are achieved in accordance with the present embodi- 
ment. 

[0047] in this embodiment, besides the metal heat- 
ing , unit having the metal resistance wire (heating coil 
203) described with reference to Fig. 1, any other type 
of suitable heating unit, such as the heating unit shown 
m F,g 5, can be used. Fig. 5 is a cross-sectional view of 
a modified version of the glow plug 110. The heating 
unrt 400 shown in Fig. 5 is a ceramic heating unit. The 
heating unit 400 has a heating body 401 made of an 
electrically conductive ceramic material including silicon 
nitride and molybdenum suicide, and has a pair of lead 
wires 402 made of tungsten, and a sintered dielectric 
ceramic body 403 including silicon nitride and covering 
the heating body 401 and the lead wires 402. 
[0048] The heating unit 400 is received and held in 
a cyl.ndr.cal protective pipe (the pipe member of the 
present invention) 404 made, for example, of a non-cor- 
rosive heat resistant metal alloy (such as SUS 430) The 
heating unit 400 protrudes from one end of the protec- 
tive p.pe 404. The other end of the protective pipe 404 is 
received in the one end side of the housing 201 The 
internal surface of the housing 201 and an external sur- 
face of the protective pipe 404 are secured with each 
other by the press fitting, brazing or the like without 
forming a substantial gap between them in a manner 
similar to the one discussed with reference to the 
sheath tube. 

[0049] One of the lead wires 402 is electrically con- 
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nected to a central shaft 204 via a cap lead 405 con- 
nected to the one end of the central shaft 204. The other 
lead wire 402 is electrically grounded to the housing 201 
via the protective pipe 404. With this arrangement, the 
central shaft 204 is electrically connected to the heating 
body 401 , and the heating unit 400 is heated upon ener- 
gization of the heating body 401. Fused glass 406 and 
an insulator 407 are arranged between the central shaft 
204 and the housing 201 for holding, securing and 
centering the central shaft 204. The glow plug 1 10 has 
substantially the same advantages as those of the glow 
plug 100 discussed with reference to Fig. 1 except that 
the glow plug 110 also has the relatively lower output 
sensitivity. 

[0050] In the described embodiment, the pressure 
sensor 300 can be similar to a modified version shown 
in Fig. 6. In Fig. 6, the pressure sensor 300 does not 
abut the end surface of the hexagon head section 201a 
but is embedded in the hexagon head section 201a to 
restrict both the axial and radial movements of the pres- 
sure sensor 300. Therefore, a lateral sliding movement 
of the pressure sensor 300 due to engine vibrations is 
effectively limited, so that mechanical vibrational noises, 
for example, of the central shaft 204 are reduced, and 
therefore a signal to noise ratio is improved for the 
measurement of the combustion pressure. 
[0051] Fig. 7 is a cross-sectional view of a glow plug 
120 having a combustion pressure sensor in accord- 
ance with a second embodiment of the present inven- 
tion. The second embodiment is similar to the first 
embodiment except for the manner that the pressure 
sensor 300 is secured. The following description will 
focus on certain differences between the two embodi- 
ments, and the components that are similar in nature to 
those described with respect to the first embodiment 
are represented by the same numerals as used for the 
first embodiment. Although, the engine head is not 
shown in Fig. 7 for the sake of clarity, the glow plug 120 
is threadably received in the corresponding threaded 
hole of the engine head, and the heating unit 206 side of 
the glow plug 120 is exposed to the combustion cham- 
ber as in Fig. 1. 

[0052] In the present embodiment, the sheath tube 
202 which is secured to the one end side (on the bot- 
tom' side of Fig. 7) of the housing 201 in the secured 
region K1 , has one end exposed from the one end of the 
housing 201 and also has other end exposed from the 
other end (on the top side of Fig. 7) of the housing 201 . 
A sealing 221 made, for example, of a silicone resin or 
rubber material for sealing the dielectric powder 205 
received in the sheath tube 202 is arranged around the 
other end side of the central shaft 204 that protrudes 
from the other end of the sheath tube 202. 
[0053] In this embodiment, the pressure sensor 300 
is located on the end surface of the hexagon head sec- 
tion 201 a of the housing 201. This arrangement allows 
easy insertion of the pressure sensor 300 around the 
other end of sheath tube 202. An annular stop ring 220 
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made of a metal material is press fitted around the other 
end of the sheath tube 202 to sandwich the pressure 
sensor 300 between the stop ring 220 and the hexagon 
head section 201a, securely holding the pressure sen- 
sor 300 on the housing 201. An inner diameter of the 
stop ring 220 is made to be smaller than an outer diam- 
eter of the other end of the sheath tube 202 by an 
amount ranging from, for example, -30 to -70 microme- 
ters to allow the press fitting. 

[0054] In Fig. 7, the connecting bar for energizing 
the glow plug is not illustrated for the sake of clarity but 
is actually present around the terminal thread 204a of 
the central shaft 204 between the stop ring 220 and the 
terminal nut 21 1 . The connecting bar is secured around 
the central shaft 204 by threadably tightening the termi- 
nal nut 21 1 onto the terminal thread 204a. Similar to the 
first embodiment, the glow plug 120 can assist the igni- 
tion of the engine. 

[0055] As described above, in accordance with the 
present embodiment, the dielectric bush, the O-ring and 
the washer provided in the first embodiment are not 
required, so that the structure of the glow plug is simpli- 
fied, and therefore the conducting paths of the combus- 
tion pressure are also simplified. Furthermore, the 
components conducting the combustion pressure in the 
first embodiment are replaced with the components 
having higher rigidities in this embodiment, so that a 
higher output sensitivity of the combustion pressure is 
expected, as detailed below. 

[0056] As shown in Fig. 3, the conducting path (sec- 
ond path R2) of the combustion pressure in the glow 
plug shown in Fig. 1 runs through the heating unit 206, 
the dielectric powder 205, the central shaft 204, the 
securing nut 210, the dielectric bush 209 and the pres- 
sure sensor 300. Especially, when the combustion pres- 
sure is conducted to the central shaft 204, the 
combustion pressure is conducted through the ceramic 
powder, which has the rigidity lower than that of the 
solid metal, so that the conduction loss in the ceramic 
powder is supposed to be larger than that in the solid 

metal. A . 
[0057] On the other hand, the conducting path (sec- 
ond path R2) of the combustion pressure^ in the glow 
plug 120 of the present embodiment runs through the 
heating unit 206, the stop ring 220 and the pressure 
sensor 300. Therefore, in this embodiment" the number 
of the components in the conducting path , is less than 
that of the first embodiment, and the conduction loss 
and the rigidity of the sheath tube 202 are far better than 
those of the dielectric powder. £; 
[0058] In this embodiment, the positional change at 
the hexagon head section 201a of the housing 201 in 
the first path (running through the heating unit 206, the 
housing 201 and the pressure sensor 300) differs from 
the positional change at the sheath tube 202 in the sec- 
ond path. This difference in the positional change 
causes reduction of the pre-load applied on the pres- 
sure sensor 300 from the stop ring 220, allowing meas- 
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urement of the combustion pressure. 
[0059] in this embodiment, similar to the first 
embodiment, there are advantages of securing the 
internal surface of the housing 201 and the external sur- 
face of the sheath tube 202 with each other by the press 
fitting or the brazing without forming a substantial gap 
between them. Furthermore, there are also the advan- 
tages of arranging the pressure sensor 300 outside of 
the housing 201 by positioning the pressure sensor 300 
around the part of the central shaft 204, which protrudes 
from the other end of the housing 201, via the sheath 
tube 202. 

[0060] Besides the press fitting or the brazing, the 
internal surface of the housing 201 and the external sur- 
face of the pipe member 204, 404 can be secured with 
each other at the one end side of the housing 201 by 
any other suitable means, such as welding, thread 
engagement or the like. 

[0061] Furthermore, in Fig. 1 and Figs. 5-7, 
although the pressure sensor 300 directly abuts and is 
electrically grounded to the other end surface (the end 
surface of the hexagon head section 201a) of the hous- 
ing 201 , a rigid spacer member (such as one made of a 
metal or dielectric material) can be positioned between 
the pressure sensor 300 and the housing 201 as long as 
the pressure sensor 300 is electrically grounded to the 
housing 201. 

[0062] The combustion pressure sensor needs not 
to be the piezoelectric pressure sensor and can be, for 
example, a semiconductor pressure sensor as long as it 
measures the combustion pressure of the internal com- 
bustion engine based on the load. 
[0063] While the above-described embodiments 
refer to examples of usage of the present invention, it is 
understood that the present invention may be applied to 
other usage, modifications and variations of the same 
and is not limited to the disclosure provided herein. 
[0064] The present invention provides a gas tight 
and simplified glow plug having a combustion pressure 
sensor. A plug main body 200 includes a cylindrical 
housing 201 , mounted in an engine head 1 and has one 
end side positioned at a combustion chamber 1a side of 
the engine head 1, a cylindrical sheath tube 202, which 
is held in the housing 201 and has one end side 
exposed from the one end of the housing 201 , a heating 
coil 203 received and held in the sheath tube 202, and a 
central shaft 204 acting as a rod-like electrode having 
one end side received in the sheath tube 202 and other 
end side exposed from other end of housing 201 An 
internal surface of the housing 201 and an external sur- 
face of the sheath tube 202 are secured together with- 
out forming a substantial gap between them by press 
fitting or the like. A combustion pressure sensor 300 is 
arranged around part of the central shaft 204, which 
protrudes from the housing 201 , to measure a combus- 
tion pressure based on force acting on the sheath tube 
202. 
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a cylindrical housing (201 ) mounted in an inter- 
nal combustion engine, one end side of said 
cylindrical housing (201) is positioned at a 
combustion chamber (1a) side of said internal 
combustion engine; 

a cylindrical pipe member (202, 404) held in 
said housing such that one end side of said 
cylindrical pipe member (202, 404) is exposed 
from said one end of said housing; 
a heating member (203, 401) arranged in said 
pipe member, wherein said heating member 
(203, 401) is heated up upon energization; and 
a metal central shaft (204) received in said 
housing such that part of said central shaft 
(204) protrudes from an opposite end of said 
housing from said one end, wherein said cen- 
tral shaft (204) is electrically connected with 
said heating member, characterized in that: 
an internal surface of said housing and an 
external surface of said pipe member are 
secured together without forming a substantial 
gap between them at said one end side of said 
housing; and 

a combustion pressure sensor (300) arranged 
around said part of said central shaft protruding 
from said opposite end of said housing to 
measure a combustion pressure in said inter- 
nal combustion engine based on a force acting 
on said pipe member upon development of said 
combustion pressure. 

A glow plug according to claim 1, wherein said 
internal surface of said housing (201) and said 
external surface of said pipe member (202, 404) 
are secured together by press fitting, wherein said 
press fitting maintains said pipe member and said 
external surface as not having a substantial gap. 

A glow plug according to claim 1, characterized in 
that said internal surface of said housing (201) and 
said external surface of said pipe member (202 
404) are secured together by brazing, wherein said 
brazing maintains said pipe member and said 
external surface as not having a substantial gap. 

A glow plug according to claim 1, wherein said pipe 
member is secured directly to said housing. 
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